ABSTRACT
A nnually, one-third of older adults (aged ≥ 65 years) experiences falls.
1,2 Falls are associated with an increased mortality rate, osteoporotic fractures, and serious soft tissue injury. [3] [4] [5] [6] [7] [8] In the United States, older adults make more than 2 million annual visits to the emergency department (ED) for injurious falls, representing 10% of older ED visits 9 at a cost of $637.5 million for fatal falls and $31.3 billion for nonfatal fall-related injuries. 9 ED fall guidelines exist; the Geriatric Emergency Department Guidelines 10 recommend investigating four key safety categories including specific elements of the history taking, specific physical examination, diagnostic tests, and key safety recommendations, which should be given prior to discharge. These categories should be investigated to aid in the identification of injuries related to the fall and for identification of the cause of the fall. However, the adherence rate to these guidelines is poor. 11 Most of the fall guidelines recommend a comprehensive multifactorial fall evaluation, [12] [13] [14] [15] [16] [17] which can take at least 15 minutes based on our experience. Given ED physicians may have less time for a time-consuming fall evaluation, which would include the timed up-and-go test, [18] [19] [20] and checking for orthostatic hypotension, 21 brief questions that predict recurrent falls and adverse events might be more practical to implement as an ED falls prevention program. The Centers for Disease Control and Prevention's Injury Center (CDC) developed the Stopping Elderly Accidents, Death, and Injuries (STEADI) 13 toolkit, which includes a 12-question screening guide from the Stay Independent brochure (https://www.cdc.gov/steadi/ pdf/Stay_Independent_brochure-print.pdf) for fall evaluations in a clinical setting, which also helps to increase self-awareness of the fall risk in older people. 12 The STEADI toolkit was developed from a multidisciplinary health care provider team. 12 There lacks prospective evaluation of adverse events on ED fall patients who have undergone a guidelinerecommended multifactorial falls evaluation. [13] [14] [15] [16] [17] 22, 23 Furthermore, no study has assessed how the STEADI questions predict post-ED adverse events among ED fall patients. We conducted a multicenter study that prospectively enrolled patients and conducted a multifactorial assessment of their fall risk. The specific aims of this study were 1) to examine which STEADI questions responses predicted adverse events after an older adult ED fall visit and 2) to identify historical or other factors associated with recurrent fall or other adverse events in older adults.
METHODS

Study Design
This was a prospective study at two urban, academic hospitals in Bangkok, Thailand, and in Boston, Massachusetts. The hospitals average 52,000 and 100,000 annual ED visits. These two sites were selected given previous collaboration on ED falls studies. 24, 25 The hospitals' institutional review boards approved this study.
Selection of Participants
Patients aged 65 and older who presented to the ED from May 1, 2014, and to May 29, 2015 , Monday through Friday, 7 AM to 11 PM were screened for eligibility. Potentially eligible patients were identified in a prospective manner by questioning ED attending physicians twice throughout the day, once at approximately 7 AM and again at approximately 3 PM. Patients were also identified by research assistants reviewing the ED documentation of all patients in the ED throughout the day.
The same criteria used in the U.S. study for recruitment process was applied at the Thai hospital. The difference between the two study sites was mainly the data collection time. In Thailand, data were collected from patients between 8 AM and 12 PM, Monday to Friday from March 1, 2015, through November 30, 2015.
Study Protocol
All patients aged 65 years and older who presented to the ED for an accidental fall were considered for inclusion in this study. We excluded patients who did not live independently or who presented to the ED a second time within the study period for treatment related to the same fall in which no new fall had occured, patients who had severe dementia, patients who were blind or, deaf, and patients who were discharged or transferred to others units of the hospital before they could be adequately the screened. We also excluded patients with severe illness or who required emergency procedures (severe illness was defined as patients who need immediate treatment or immediate emergency procedure such as stroke patients who were eligible for rTPA treatment or STEMI patients who need immediate revascularization or any patient the attending thought was too sick to be enrolled), patients who were otherwise unable or unwilling to provide informed consent to participate, and patients who were unable to communicate due to a language barrier if no translator was present. Additionally, for the Thai site we excluded patients who were unable to speak Thai. The ability to provide informed consent was determined by asking the patient's treating physician whether the patient was capable of consenting or making medical decisions for themselves. If the physician thought patients were capable of consenting, they were then approached and asked if they would like to participate. If willing to participate, the "Six-item Cognitive Impairment Test" (6-CIT) 26 was then administered. Patients who scored 8 or more on the 6-CIT were considered unable to provide consent.
Our instrument was designed to incorporate predictor variables collected from a review of the literature [10] [11] [12] [13] [14] [15] and expert input. Study screening and enrollments were carried out by research assistants trained by the principal investigator (PI) or the lead research assistant (RA) who had been trained by the PI. An initial group of RAs were trained by a licensed physical therapist to conduct the strength and ambulatory evaluations. The ambulatory evaluation "get up and go test" were performed in 137 (25%) patients. Each patient also had strength assessed in terms of arm abduction, adduction, elbow flexion, extension, hip flexion and extension, and knee flexion and extension. RAs asked and recorded data which included age, level of education, comorbidity, specific fall-relevant comorbidities following the Geriatric Emergency Department Guidelines 10 including stroke, dementia, Alzheimer's disease, diabetes, depression, history of hip fracture, Charlson comorbidity index, visual acuity < 20/40, had eye examination more than 1 year before visit. We also collected data on high-risk medications for falls following the 2015 Beer's criteria 27 which included antidepressants, antipsychotics, anticonvulsants, benzodiazepines, and the 12 questions from the STEADI guideline recommendation.
Outcomes
Our outcomes were the number of 6-month adverse events. We defined adverse events as the occurrence of any of the following: death, ED revisit, subsequent hospitalization, or recurrent falls. We also report a composite outcome defined as death, ED revisits, subsequent hospitalization, and recurrent fall. We assessed outcomes for all enrolled subjects at 6 months after their discharge from the ED by reviewing the medical records of all patients and calling all discharged patients at 6 months. Also, we checked for death status of all follow-up patients from Thai National Health Security Database. For the U.S. site, if patients could not be reached, we checked medical records to see if the patient had visited the ED, fallen, or died.
Data Analysis
We first determined the distribution of data by using a Shapiro-Wilk test. Categoric data were presented as frequency and percentage; continuous data were presented as mean (AEstandard deviation [SD]) if normally distributed or median (AEinterquartile range [IQR]) if nonnormally distributed.
We examined factors associated with adverse events in univariate analyses using binary logistic regression: age, level of education, comorbidity, specific fall-relevant comorbidities following the Geriatric Emergency Department Guidelines, 10 Charlson comorbidity index, high-risk medications for falls, 27 and the 12 questions from the STEADI guideline. 13 We then conducted multiple logistic regression analyses using backward stepwise elimination and a likelihood ratio test. Multiple logistic regressions were performed to determine risk factors for recurrent fall; ED revisit; subsequent hospitalization; and composite outcomes with age, sex, the CDC STEADI question, high-risk fall medications, and specific fall-relevant comorbidities. The variables were selected to the model if p-value of 0.05 and were excluded from the model at p-value of 0.1. All variables that had a p-value < 0.2 from the univariate analysis were initially included in the model. Models were then compared using -2LL (-2 Log likelihood ratio). Multicollinearity was considered following Stevens' recommendation as r < 0.8. 28 We tested for interaction effects among all predictor variables in the final model by considering a p-value of <0.05 as significant. The model fitting was tested by using the Omnibus Tests of Model Coefficients and HosmerLemeshow goodness of fit. All analysis was performed using STATA version 13.0.
RESULTS
Characteristic of Study Subjects
A total of 4,705 patients were screened and 1,953 (41.5%) patients had a fall. We excluded 1,318 patients for several reasons such as had severe illness and/or needed an emergency procedure, did not live independently (i.e., they lived in assisted living or a nursing home), had severe dementia or failed the six-item cognitive impairment test, were discharged or transferred to other units of the hospital before the screening process, and declined consent/declined to participate study ( Figure 1) .
We enrolled 635 patients in our study and 548 (86.3%) patients completed follow-up at 6 months. Among the patients lost to follow-up, seven patients refused further participation in the study, and 62 patients could not be contacted after RAs made at least three attempts to contact the patient by phone and one attempt by e-mail or tried to phone a relative. Eighteen patients moved to others city or country. There were no statistically significant differences between the age, sex, education, insurance, Charlson comorbidity index in patients lost to follow up. There was a difference in answers the STEADI question "Worried about fall," in which 52% of patients lost to follow-up answered "yes" compared to 38% in the completed follow-up group (p = 0.031). Finally, we had 548 patients to our final analysis. Most ED elderly falls patients were female 363 (66.2%). Median Charlson comorbidity index was 1 (IQR = 0 to 2). Benzodiazepines used were the most common prescribed high-risk fall medication following the Beer's criteria 2015 (Table 1) .
Outcomes A total of 243 (44.3%) patients experienced an adverse event after a fall within 6 months. A total of 113 (20.6%) patients had recurrent fall within 6 months. A total of 146 (26.6%) revisited the ED. A total of 121 (22.1%) had a subsequent hospitalization within 6 months and 13 (2.4%) died ( Table 3 ).
In a univariate analysis, patients aged ≥ 80 years were associated with ED revisits and composite outcomes. Charlson comorbidity score ≥ 4 and STEADI risk score ≥ 4 were associated with recurrent falls, ED revisits, subsequent hospitalizations, and composite outcomes. Nine STEADI guideline questions were associated with adverse outcomes, eight 
OR 95% CI CI = 1.10 to 3.05) predicted recurrent fall. The question "Use or have been advised to use a cane or walker" predicted ED revisits, subsequent hospitalization, and composite outcomes; the question "Take medication that sometimes makes them feel lightheaded or more tired than usual" predicted ED revisits and composite outcomes; the questions "Take medication to help sleep or improve mood" was associated with subsequent hospitalizations and "Have to rush to a toilet" predicted only composite outcomes ( Table 5) .
DISCUSSION
This study was the first prospective study to identify ED fall patients who had increased risk for adverse outcomes (recurrent fall, ED revisits, subsequent hospitalization, and composite outcomes) using the STEADI toolkit questions.
The recurrent fall rate in our study was 20.6%, which was similar to another ED fall study's rate of 22.6%. 25 Our overall adverse event rate was 43.3%, less than the previous study's reported rate of 50.3%. 25 This lower adverse event rate may in part be due to our excluding patients who presented with severe illness or did not live independently. Patients who present from assisted living residences had a higher chance of experiencing adverse events, which is consistent with what has been reported in other studies. [29] [30] [31] Many fall intervention and falls risk screening tools to reduce falls risk have been conducted in the primary care setting, 15, 32, 33 fall clinics and community living, 15, 16, 19 but only a few studies have examined ED elderly fall patients. [34] [35] [36] [37] Russell et al. 34 identified falls risk factors of older adults who presented to ED with falls and were discharged home directly. Hence, the screening was mostly an at-home postdischarge assessment. Close et al. 35 performed a secondary analysis of the Prevention of Falls in the Elderly Trial (PROFET) and identified falls risk factors from ED fall patients who did not receive the fall intervention and found history of falls in the previous year, falling indoors, and inability to get up after a fall predicted further falls. However, their study has not been externally validated. The ED is a unique environment where emergency physicians (EPs) encounter critically ill patients. Consequently, EPs may not have time to do an extensive fall evaluation for all older adults. Given that our RAs generally spent at least 15 minutes conducting the falls evaluation for each patient in our study, a brief evaluation may be more likely to be implemented than a time-consuming one although more thorough falls risk assessment and intervention.
Our study identified six questions from the STEADI guideline that could be candidates for a screening tool for elderly ED falls patients with risk for adverse outcomes. The questions could be grouped into three categories as follows:
1. Previous fall in the past year. 2. Physical activity: the specific questions were "Feels unsteady when walking sometimes," "Use or have been advised to use a cane or walker," and "Have to rush to the toilet." 3. Medications: the specific questions were "Take medication that sometimes makes them feel lightheaded or more tired than usual" and "Take medication to help sleep or improve mood."
The STEADI pocket guideline recommended screening questions for all older adult's patients with the 12 fall questions. Older adults who had four or more positive responses to the questions are at risk of fall. Also, they recommended health care providers use a checklist to screen for fall risk factors. The STEADI guideline use two questions in the module of falls history which were included: question 1, "Any falls in the past year"; and question 2, "Worries about falling or feels unsteady when standing or walking." Our findings for fall risk screening questions in ED fall patients concurred with the STEADI guideline recommendation of asking if the patient had any falls within the past year; however, our finding did not support that patients who stated they worried about fall were at an increased risk of experiencing a fall. The finding that the question "had previous fall" was a fall risk factor is also supported in the literature. 16, 17, 22 Tiedemann et al. 34 performed a prospective validation of a risk screening tool for patients aged 70 years or greater who presented to the ED after falling or who had a history of two or more falls in the past year at two EDs in Australia. They found that two or more falls in the past year (OR = 4.18, 95% CI = 2.61 to 6.68) and taking six or more medications (OR = 1.89, 95% CI = 1.18 to 3.04) predicted recurrent falls. Carpenter et al. 37 performed a prospective study on all discharged older ED patients with any chief complaint except a fall or fall-related injury and found that a prior fall history (hazard ratio [HR] = 2.62, 95% CI = 1.32 to 5.18), inability to cut one's toenails (HR = 2.04, 95% CI = 1.04 to 4.01), nonhealing foot sores (HR = 3.71, 95% CI = 1.73 to 7.95), and self-reported depression (HR = 1.72, 95% CI = 0.83 to 3.55) were risk factors for fall. Patients who have the visual acuity less than 20/40 seem to be a protective factor possibly those patients avoid standing without assistance and thus fewer falls.
In addition to recurrent falls risk, supplemental questions for ED elderly fall patients may help predict other adverse outcomes. The physical activity category questions "Use or have been advised to use a cane or walker," "Have to rush to the toilet," or "Loss some feeling in their feet" were specific questions associated with ED revisits, subsequent hospitalization, and composite outcomes. These self-assessment fall-risk questions had been developed from a focus group with community-dwelling seniors 38 and have been validated with older adults at one outpatient clinic in the United States. 39 These two questions may represent baseline functional status such as urinary incontinence, balance, and mobility issues. A study in France reported poor balance and a gait speed of less than 0.80 m/seconds predicted mortality. 40 Also, urinary and fecal incontinence in community-dwelling seniors and nursing home patients has been associated with increased mortality. 41, 42 In terms of medication categories, an affirmative response to "Take medication that sometimes makes them feel light-headed or more tired than usual" and "Take medication to help sleep or improve mood" were specific questions associated with ED revisits, subsequent hospitalization, and composite outcomes. The medications that help sleep or improve mood include antipsychotics, benzodiazepines, and antidepressants. Antipsychotic use was a risk factor for hospitalization and increased mortality as reported in the literature. [43] [44] [45] Also, sedative drug use was a prominent risk factor for falling as reported by the study by Tinetti et al. 1 Yu et al. 46 reported the association between benzodiazepine and Z-drug increased the risk of fall-related injuries requiring hospitalization (adjusted OR [AOR] = 1.32, 95% CI = 1.17 to 1.50). Antidepressant use is the main risk factor for fall and fall-related injury as reported by Marcum et al. 47 (AOR = 1.48, 95% CI = 1.12 to 1.96).
Geriatric population is very diverse and people can present after running a road race versus falling just trying to get out of a chair and that there is much ED research that needs to be performed to figure out which patients benefit the most from an intervention in the ED.
LIMITATIONS
This study was performed at two hospitals and one-fifth of older adults approached for our study had severe dementia (19.7%). Hence, the results may not be generalizable to all elderly patients. If patients were unable to communicate due to a language barrier or unavailability of a translator in their native language, then they were not included in this study. This could have caused a selection bias. Also, the recurrent fall rate was likely underestimated as fall calendars are often used to record fall events. 48, 49 However, given scarce resources, we were unable to provide fall calendars as a fall tracking method. Given that 13% patients were lost to follow-up and may have had adverse outcomes, our adverse event rate might slightly over-or underestimate the actual adverse event rate. We could not track all the patients despite multiple attempts to reach them. Some patients may have moved to others part of the United States or Thailand or even abroad or did not want to participate in follow-up interviews. Given that the missing variables were categorical data, we left the items vacant rather than imputing the variable value 50, 51 as this can widen CIs and introduce bias if the data were not missing completely at random.
CONCLUSION
Our study focused on a high-risk ED fall population. A Stopping Elderly Accidents, Death, and Injuries score of ≥4 did not predict adverse outcomes though seven individual questions from the Stopping Elderly Accidents, Death, and Injuries guidelines were associated with increased adverse outcomes within 6 months. These may be organized into three categories (previous falls, physical activity, and high-risk medications) and may assist emergency physicians in evaluating and referring high-risk fall patients for a comprehensive falls evaluation. Future research should identify how interventions could be implemented in the ED to decrease recurrent fall rates among this vulnerable population.
